Abstract. In order to improve the vehicle safety performance, the ultrasonic range finder is applied to the development of an automatic brake system. In a low-speed driving or reversing motion, the ultrasonic sensors can detect whether there are obstacles at front or back of the vehicle, optimize the ranging algorithm and build up a collision avoidance model. The temperature sensor can be used to measure the ambient temperature in real-time manner, correct the ultrasonic ranging result, display the distance between vehicle and obstacle and warn of the driver, and in case of emergency, automatically control the vehicle to start the emergency brake device. The ultrasonic collision avoidance and early warning system based on the microcontroller can help the driver have a good knowledge of the surrounding conditions of the vehicle and thus being of great significance for ensuring driving safety.
Introduction
Automobile is an important means of transportation for human beings. According to the statistics published by China Association of Automobile Manufacturers, the automobile sales in China reached 28.0282 million, seeing a year-on-year increase of 13.65% [1] . A survey made by Mercedes-Benz on the causes of vehicle collision shows that most drivers can avoid traffic accidents if they can be aware of the danger one second earlier and take immediate measures [2] . The research on car collision avoidance system began in the 1960s. After decades of development, TerraMax intelligent vehicle was jointly developed by the Ohio State University and Oshkosh Defense in the USA. This vehicle was mounted with 6 cameras, 4 laser radar systems, 2 millimeter-wave radar systems and 12 ultrasonic sensors for the acquisition of information about the surrounding environment of the vehicle. INRIA intelligent vehicle co-developed by the Institut national de recherche en informatique et en automatique (INRIA) and ROBOSOFT comprised a total of 7 modules, which are used for decision-making and control, motor drive, sensor interface, wireless communication, power supply, and tracking and data transmission. The modules are connected and communicated through the CAN bus on the vehicle. Tongji University of China began to develop the "Chunhui" four-wheel drive electric vehicle in 2002, whose environmental sensing system consists of environmental sensors, such as GPS antenna, road camera system, front millimeter wave radars, right millimeter wave radars and front laser radars. The latest THMR series of intelligent experimental vehicles developed by Tsinghua University are installed with environmental sensors such as camera, positioning device and laser range finder. The computer controls the steering wheel, throttle and other actuators to quickly take actions of braking or steering [3] . As we all know, the millimeter wave radar is extremely expensive and not suitable for widespread application in ordinary cars, trucks and buses. The ultrasonic ranging sensor is a range finding device using ultrasonic wave as the information carrier. Due to the advantages of weather resistance and low cost, it has broad application prospects in the vehicle collision avoidance and early warning system.
Principle and Structure of Ultrasonic Ranging Sensor
The basic idea of ultrasonic ranging is to transmit signal with a transmitting-receiving integrated transducer and then detect the time between the transmitted signal and the echo signal to obtain the distance between obstacle and ultrasonic transducer. Commonly methods include the phase detection method and the time-of-flight (ToF) detection method. When the echo signal is being processed, the phase detection method needs to set a complex phase detection circuit to determine its phase. Although the phase detection method has high precision, the corresponding cost is relatively high and the measuring distance is close, so it is suitable for the ultrasonic ranging in the vehicle collision avoidance and early warning system. The ToF method was proposed by Pellam and Galt in 1946. Its working principle is timing since the ultrasonic wave is transmitted and until the sensor receives the return signal, thus obtaining the time of flight and calculating the detected distance. This method is relatively simple and low-cost, with a large detection range [4] . The distance measured by the ultrasonic sensor is H , the half of the distance between the centers of the two probes is represented by M and the distance travels by the ultrasonic wave in one way is denoted as L . From the relationship in the figure, we have:
During the whole propagation process, the distance traveled by the ultrasonic wave is: 2L v t , where v is the propagation velocity of the ultrasonic wave, t is the propagation time, that is, the time from transmission to receiving of the ultrasonic wave, then we obtain:
Here, the propagation velocity of the ultrasonic wave v is a constant at certain temperature, and when the measured distance H is much larger than M , ；Since the propagation velocity v is related to the temperature t , when there is a high requirement on the measurement accuracy, the temperature compensation method must be applied for correction. The DS18B20 temperature sensor is used to measure the temperature in real-time manner, the propagation velocity of the ultrasonic wave in the air is calculated by , and t is the actual temperature of the current environment. Therefore, in order to measure the distance, it is only necessary to measure the propagation time of the ultrasonic wave.
 
The piezoelectric ultrasonic transducer comprises two piezoelectric wafers and a tapered vibrator according to the basic principle of the piezoelectric effect. Currently, open-type ultrasonic sensors are popular in the market. As shown in Fig. 1 , the main constituent parts include piezoelectric ceramic wafer, tapered vibrator, absorption block (damping block), protective film and shielded enclosure. The piezoelectric ceramic wafer is usually of the circular plate type and the core of the transducer. The ultrasonic propagation frequency f is inversely proportional to the thickness  . The tapered vibrator concentrates the ultrasonic energy to make it directed to some extent. The absorption block, which can reduce the mechanical quality of the wafer ceramics and absorb the sound energy, is used to facilitate the rapid attenuation of energy after the excitation pulse signal is stopped. The shielded enclosure can effectively prevent external pressure from damaging the internal piezoelectric ceramic wafer and the tapered vibrator, without affecting the transmission or receiving of ultrasonic wave.
The influencing factors of the ranging accuracy of these ultrasonic sensors mainly comprise: (1) environmental factors, including temperature, humidity and wind speed, where the temperature has a greater influence; (2) acoustic wave, which may suffer from energy losses while propagating through the medium; (3) ranging circuit, which means the time of propagation of ultrasonic wave is influenced after the amplitude of the echo signal is affected by the setting of the filter bandwidth because the distance detection from the target is essentially the detection of the echo signal; (4) target factors, because the orientation and velocity of the target can influence the ranging accuracy of sensors.
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5-pin; 6-impedance matching pad; 7-ultrasonic beam Figure 1 . Structure of piezoelectric ultrasonic transducer.
Design and Implementation of the Overall System Solution
The vehicle collision avoidance and early warning system aims to avoid collision with front and rear vehicles or obstacles and achieve the automatic braking. The main components of the overall system solution include: central processor, ultrasonic range finder, control switch, brake control module. The ultrasonic range finder is mounted on bumpers on the front and rear sides of the vehicle and the control switch is mounted on the control console. The hardware circuit of the system covers the minimum system of microcontroller, ultrasonic transmitting and receiving circuit, liquid crystal display and audible and visual alarm circuit. The system selects STC12C5A60S2 single-chip microcontroller, which has the advantages of low operating voltage, fast processing speed and resistance against interference. Its instruction system is fully compatible with the instruction systems of the traditional single-chip microcontrollers. The ultrasonic ranging module is used as a sensor to detect the external environment of the vehicle, with a minimum system shown in Fig.2 . The ultrasonic transmitting module and the ultrasonic receiving module are designed to optimize the circuit parameters, thereby obtaining a high ranging accuracy and a large ranging range and meeting the requirements for vehicle collision avoidance while driving at a low speed or in reversing motion. When the collision avoidance algorithm is constructed, the corresponding parameters are selected largely based on the driving experience. The optimal parameter setting values should be tested for multiple times in the vehicle driving [5] . 
Ultrasonic Transmitting Circuit
The ultrasonic wave is often generated by two methods. The first method is that ultrasonic pulse signals are generated by the selected universal generating circuit of ultrasonic waves, and then excite the ultrasonic transducer to generate ultrasonic waves. The advantage lies in the simple drive circuit, but it is not flexible. The second method is that the software is utilized to generate ultrasonic signals with adjustable frequency, which are transmitted to the driver through the output port, and then the ultrasonic transducer is excited by the driver to generate ultrasonic waves. Its advantage is good flexibility, but a drive circuit with the drive current greater than 100mA is required. The system chooses the second method to generate ultrasonic waves. The schematic diagram of the circuit is shown in Fig.3 . Important components in the ultrasonic transmitting circuit include piezoelectric ceramic ultrasonic transducer, transformer and triode, which can realize the amplification of the ultrasonic pulse signals.
The I/O port output level of the microcontroller is 5V standard. The standard square wave signal cannot directly drive the ultrasonic transducer to work. The microcontroller pin is software programmed to generate square waves at a specified frequency with the specified number of excitation pulses per cycle for controlling the triode on/off, and exciting the primary coil of the transformer through the power supply. The current limiting resistor R2 can prevent excessive current flow through the NPN triode Q1. The protective resistor R3 is used to regulate the transmitting power. The capacitors C4 and C5 are filter capacitors that can provide a stable operating voltage for the power supply system. The capacitor C6 is in parallel at both primary ends of the transformer. According to the capacitance of the capacitor and the inductiveness of the transformer, a simple oscillating circuit is formed, so that the signal waveform passing through the transformer becomes sine waves due to the oscillating action. Two backward diodes D1 and D2 are connected in series on the secondary coils of the transformer to prevent residual ripple signals on the secondary coils from entering the ultrasonic transducer and affecting its measurement, and also prevent the reflected echo signals from passing through the coils and forming a loop with the ground so that the reflected echo signals with little energy cannot enter the ultrasonic transmitting circuit. The setting of the resistor R5 increases the resistance of the resonant tank, leading to larger attenuation coefficient and losses of the resonant tank.
Ultrasonic Receiving Circuit
The microcontroller software generates pulse signals and excites the ultrasonic transducer through the triode and the transformer. In different measuring ranges, different specified number of pulse trains are transmitted, and the counter is started for counting immediately after such transmission. After the ultrasonic wave encounters the obstacle and returns to the ultrasonic pre-processing circuit, filter amplifying circuit and voltage comparison circuit, the microcontroller is externally interrupted. The counter stops counting and counts the propagation timeslot and the propagation velocity or the distance to be measured is calculated. The pre-processing circuit can realize that the reflected echo signals received by measuring the short-distance target will not saturate after being amplified. The gain of the circuit setting should not be too large, and the circuit is shown in Fig.4 . The capacitors C7 and C8 filter the reflected echo signals; the diodes D3 and D4 clamp the transmitted ultrasonic signals at 0.7V, and the millivolt reflected echo signals may not be affected and directly enter the subsequent circuit; the resistor R7 regulates the bias current and prevents saturation distortion of the triode; and the triode Q2 directly amplifies the power of the reflected echo signals and enters the filter amplifying circuit. The output signals after the pre-processing amplifying circuit contain interference signals, so that they cannot be directly processed by the microcontroller, but need the filtering and programmable gain amplifier, as shown in Fig.5 . The ultrasonic transducer receives low frequency noise in the air medium and high frequency noise in the circuit. The amplitude of the reflected echo signals is very small and the converted electric energy is small after being received by the ultrasonic receiving transducer, so the reflected echo signals of different amplitudes must be amplified by the programmable gain amplifier. The programmable gain amplifier circuit achieves the gain control mainly by the PGA112 chip. In the amplification process of the echo signals, in order to avoid the misrecognition of echo signals due to the amplification of interference signals, the interference signals must be filtered out. The amplitude of the ultrasonic signal varies greatly with the change of the distance to be measured. The attenuation degrees of the reflected echo signals are quite different at the farthest position and the nearest position. Because the ultrasonic echo signals are characterized by low frequency, small amplitude and susceptibility to interference, a bandpass filter is designed to selectively amplify the ultrasonic signals in the effective frequency band. If the signals outputted by the filter amplifying circuit and the voltage comparison circuit are higher than the reference voltage value, the low level is outputted for the microcontroller to compute and process data when its externally triggered signals are interrupted and the timing is ended [5] . 
Application of Avoidance and Early Warning System
The ultrasonic collision avoidance and early warning applies the principle of ultrasonic echo ranging. The ultrasonic ranging frequency is from 20kHz to 20MHz. This method is low cost and easy for manufacture. As the frequency increases, the detection distance decreases. The ultrasonic range finder based on the microcontroller utilizes the microcontroller for controlling the transmission and receiving of ultrasonic waves. In order to improve the accuracy of ranging, we must also consider the influence of temperature on the ultrasonic propagation velocity. Therefore, the system needs to be able to measure the ambient temperature where the vehicle is located, determine the current propagation velocity of ultrasonic waves according to the temperature, calculate the current speed of sound and obtain the accurate ultrasonic ranging results. The ultrasonic ranging vehicle collision avoidance system software based on the microcontroller control should have the following functions: (1) control of the transmission and receiving of ultrasonic waves; (2) measurement of the propagation time of ultrasonic waves, calculation of the distance from obstacle to vehicle, and feedback of distance information to the driver; and (3) calculation of the safety distance of collision and automatic control of vehicle to start the emergency brake device in case of emergency. These are the most basic functions for the ultrasonic ranging vehicle reversing system software based on the microcontroller control [6] [7] [8] . The design of such reversing system software can be divided into several modules, including preset, transmitting, receiving, display and sound alarm. During the system software running, the module instructions are executed in order according to the module functions in a fixed running time, the preset subprogram, transmitting subprogram, inquiry and receiving subprogram and timing subprogram are called, and finally the data are processed according to the survey information and fed back to the driver on the display device. Depending on the specific situation, it judges whether to give an alarm and the type of alarm is given.
Principle for Collision Avoidance Modeling
The collision avoidance model used in the collision avoidance should remind the driver on the one hand, but cannot interfere with the driver's driving on the other hand, so as not affect normal driving. Therefore, the model should pay attention to the following issues [9] : (1) the alarm distance and the dangerous braking distance increased with the increase of speed difference of two vehicles; the model should have the warning distance and the dangerous distance, and the warning distance aims to warn the driver so that he has enough time to prepare for braking; (2) the principle for establishing the dangerous distance is that there is the possibility of accident at any time if the driver fails to immediately brake the vehicle, and the determination of the dangerous distance eliminates the response time of the driver; and (3) the model can be used at different driving speeds of the vehicle, with good adaptability and stability.
System Software Design
In order to meet the requirements of high receiving sensitivity, strong anti-interference ability and wide measuring range, the size of the filtering capacitor connected in parallel with the receiving transducer can be appropriately adjusted and the ultrasonic receiving circuit is shielded by a metal enclosure. For adapting to the measurement needs of different distances, each pulse width transmitted by the ultrasonic wave generation subprogram and the interval between two measurements can be modified subject to the actual situation [10] [11] [12] . According to the designed circuit parameters and procedures, the range finder can measure from 0.1m to 5.0m, and the maximum error of the range finder should not exceed 1cm. After the hardware circuits are completed and debugged, the program can be compiled and downloaded to the microcontroller for trial running. The software design of the ultrasonic range finder is mainly composed of main program, ultrasonic wave generation subprogram, ultrasonic receiving interrupt program and communication subprogram. The main program flow chart is shown in Fig.6 . The main program is the main part of the entire software that can realize the initialization of each peripheral and data, monitor running of the program and call software modules in combination, thus enabling the normal run of the whole system. The main program begins with initialization of the system environment, sets the timer T0 to the 16-bit timer counter working mode, positions the interrupt enable bit EA and resets the display ports P0 and P1. Then, the ultrasonic wave generation subprogram is called to send an ultrasonic pulse. In order to avoid the influence of the direct wave, the external interrupt 0 is opened after a delay of 0.1ms to receive the returned ultrasonic signals. Because the selected crystal oscillator is 12MHz, the counter counts every number in 1μs. When the main program detects the echo signals, the counter T0 stops counting and calculates the distance between the measured object and the range finder. The result is sent in BCD codes to the LED display for about 0.5s, and then the ultrasonic pulse is transmitted to repeat the measurement process. For design of the brake system control circuit, according to the braking principle of the electric vehicle, an electromagnetic linear actuator is installed at the piston of the brake cylinder, and the control of the braking force of the vehicle by the processor is reflected by the current [13, 14] . The adjustment of the braking force can be achieved by controlling the duty cycle of the PWM output from the DSP. The duty cycle is adjusted by the H-bridge circuit.
Conclusions
The ultrasonic collision avoidance and early warning system is designed with a distance measuring module based on the ultrasonic ranging principle. The time-of-flight method is utilized to obtain the time from transmitting to receiving of ultrasonic waves. A temperature measuring circuit is designed to monitor the ambient temperature in real time manner and correct the propagation velocity of ultrasonic waves in the air. Finally, the distance from the ultrasonic sensor to the obstacle is calculated by the software. The distance measurement is compared according to the test results. The results show that the system is low cost and easy to operate. The temperature sensor is employed to further compensate the automatic collision warning system, thus eliminating the influence of the temperature on the ultrasonic velocity. Integrated circuits without many peripheral components are easy to debug. The capacitance of the filter connected to the receiving sensor is appropriately adjusted to increase the resistance against interference and continuously improve the sensitivity. The metal enclosure shielding can enhance the anti-interference ability of ultrasonic waves, thus having high precision and reliability.
